vibra-tech

APPENDIX A

Ground Vibration Recorded Along Southern Railroad




i

vibra-tech

9 - REFERENCES

1) Ministry of Metallurgy and Chem. Eng., Instruction | 200-54 "Planning and
Calculation of Building Structures for Dynamic Loading from Machinery" (in

Russian), Moscow (USSR), 1955.

2) Waiter Konon, John R. Schuring "Vibration Criteria for Historic and Sensitive
Older Buildings" ASCE, Preprinted 83-501 Houston, Texas, October

17-18, 1883.

3) Institution of Swiss Highway Engs. (VSS), Swiss standard SN 640312:
“Vibration Effect on Structures” (in German), VSS secretarial Zurich,

November, 1978.

Page 20




vibra-tech

APPENDIX A

Ground Vibration Recorded Along Southern Railroad







vibra-tech

20 30 0

50

6.0

y

D

20 30 0

5.0

6.0

!

0

0.1
0.0+
.17
9.2

infsec

0.0 Y )

b 3.0 0

5.0

1.

0




20

50

20

50

20

50

vibra-tech




S0-95L¥0€9°8
90-98L68V6" 6
90-95ZL00Z " ¥
S0-3L80%19°2
Y0-9GT06€9" T

S0-9860600"' 1
S0-9TE€91Z8" 1
VO-9TEV6ES T
90-98¥S€G8 " Z-
L0-®9599G6 " G-
90-9Z82556 " T-
90-9G8T€69 " ¥
S0-9590668° L
90-2LVPLSLO T
90-968180Z " T-
SO0-96€Z0EV " T
¥0-3Z18005° 1

G0-®T8£699°2-
S0-9FTI69LZ V-
VO-9ZLILIV €-
S0-9P6I9TE" T

G0-90L99PL"T

90-960808% "9

S0-9608120°T-
$0-989¥86SL " T-
S0-99%L660 " T-
90-95568TL 2~
S0-9ZS8ELE G-
vY0-99Z62%¢ "€~

4

00+2000000°0
£E0-9£559%0°1
90-9LeE6TE" 9~
90-9S¢€6¥20° v~
00+3000000°0

90-3GSLEOT "6
90-2£89G595°8
00+3000000°0
v0-9ZvZLBZ " 1-
$0-3G€£9565° 9
S0-9@6V22ES°1-
90-3cyBEVE "€ -
00+3000000°0
90-9892269°Z-
90-268VL06° G-
90-250926L° €~
00+3000000°'0

50-@%v900T°2-
S0-9SPP9L6°T-
00+2000000°0
t0-9168TVYT" 1
P0-2969VLVS 8-
S0-216668V "¢
90-286%016°8
00+3000000°0
€0-2pZ8220° 1~
S0-20S0¥6C° 1
90-°8808S7°8
00+9000000°0

00+3000000°0 TYH0'ID
€0-28PTITITIV " 9- Y401
£0-2668T0L° G~ Ivd01D
£0-9960€£99° G- vgoo
00+2000000°0 TYHOID

"098 000006°2

£E0-29€6T9T G- Tvg01o
€0-9¢¥9L1Z° G- Tvda01o
00+3000000°0 IVg01D
t0-906L21V G- IVg0I1O
t0-98GZ€8Z"5- vgo1o
€0-9GTL2TZ G- TYg0TO
€0-92L19G602 G- vdo1o
00+2000000°0 IVHO'IO
E0-3TGTGEZ G- IYd019
£0-9686L22" G- TYH0ID
£0-3TPPI6T G- TVYHO01D
00+2000000°0 Ivg01D

‘o98 000000°¢

20-9GVZBPT" T edgo01o
Z0-99Z6T9T"1 vdo1o
00+2000000°'0 TIVHOID
C0-9LT99SE"T Y4019
20-9pESEZZ T 44 ¢ (ol o)
Z0-9€686GT°T V8019
C0-9T006ST"T YdoT1o
00+2000000°0 TYd01o
Z0-9ZGS6EEZ T TVEO1D
C0-9ZTI9¢91'T TYHOTO
CO0-9LTILSST T 24 4: (el (3]
00+9000000°0 TYg071O

"O28 00000S°T

NN

v
=1
4
&3

~ N
4

HFANMYNO~DNO
a

=118 o

~ o
~ =

HNHQ’W‘O(\CDG\S

surty



$0-9G58¥8ZT 1~
P0-209L9T9 " T-
€0-9898€TZ " T-
S0-912892G° L
$0-9ZL00TIE" T
S0-9VPE69TIZ ' €
S0-20168%G"° €-
Y0-28008LZ" 9-
G0-3T18GVHS "  L-
S0-9%08¥0€ " €~
Y0-2L0G668° T-
€0-928Z2Z6T T~

50-90LZ|L08 " G-
50-9LZ0E00 " 6-
PO-®TTZTLO  L-
S0-9P8BLLT €
SO-9E€TET69" ¥
S0-®T90€8Y " T
50-99G9T0T"2-
PO-9€585p9 " €-
S0-20696¥%8 " Z-
90-9T€682Z " 6-
$0-9T650TT" 1-
Y0-96p0526 ° 9-

S0-®LPSOES" T
S0-986¥TTZ°C
V0-9€LE699" T
S0-®ZEZS00 " T-
G0-9€G0ZTL" T-
90-9€T0L6Z V-
50-2v06688° ¥

£

S0-9€£59€98° L~
S0-30LT86E" L~
00+3000000°0
€E0-2€59L99° L
£E0-20%L820" 9~
P0-91S¥P9LZ" T
S0-2Lv602E° €
00+3000000°0
£€0-9L16G590° '8~
50-9Z0€9VV " ¥
50-92021ZL8°2
00+32000000°0

SO-9LLZETY" b-
S0-2GZE€ZST" ¥-
00+2000000° 0
€0-9Z6LEE6
€0-980VTPZ " Z-
S0-9S0LLBT" L
S0-999ZTL8"T
00+2000000° 0
€0-926L208° 2-
S0-2Z11299°2
S0-980¥TOL" T
00+2000000°0

S0-9L6ETB0" T
GO0-®0€ELTO"T
00+3000000°0
€0-9ZGSPETO T~
P0-9GT92Z¥%6° L
50-968Z8LL T~
90-9Z6L0E9 " V-

c0-°28V6880° V¥
C0-98S0EVI P
00+3000000°0
C0-98EVELY 'S
C0-9G8509S Vv
C0-3ELOZET ' ¥
CO-908VPTIET" ¥
00+9000000°0
C0-902LZ69° ¥
CO-D€TLO¥PT ¥
CO0-9TZZ6IT ¥
00+3000000°0

INVHOTD
TY80'1ID
Tvdo1o
442 (03 (5)
IVHOID
UL (0 15
TYg0'1o
L (05 5)
TVLHOTD
IVHO'IO
V401D
584 (025

‘098 00000T°€

C0-9099LLE"Z
20-39¢€890V°2
00+2000000°0
20-9889016°¢
20-939¥1596°2
¢0-3Z50¢20%°¢
C0-356S00¥%°2
00+2000000°0
Z0-9G6€109°2
C0-99L660V°C
CO0-3TTILEGE"Z
00+3000000°0

Y4019
IVEOTIO
IVHO1D
IVHOID
IVEO1D
IVLOID
1vdo1o
IVgO'ID
IVEHO'IO
IVEO'ID
1veo1d
TVLOID

‘098 000000°€

t0-9€80229°'G-
tE0-9T€8569° G~
00+2000000°0

€0-96V82ZSV " L-
£0-98L6LYVZ 9~
€E0-99%LT189° G~
£E0-9TG66L9° G-

S

1v4019
Nd0OTO
INHOT1O
¢a01o
TVvae019
TVE01D
Y9019

-~ N
ot

HNM'@U‘)‘O!‘QG\S

NN O~SON

oty

(A
It

O~ N



QQQQ*Itlttttﬁt.tltt‘lt*ttl*t*t*t&&t.ﬁt&t**tti#&tﬁlltt.}*tltlil

*

-DISPLACEMENT

*

t.b.t.!_tQﬁtiﬁtttiiiiittliiit!lb.ﬁ*tb'l‘.Q**#Qﬁttﬂttttt*t*ﬁt#'l#t

X TRANS.

0.500000 sec.

0.000000e+00
1.575907e-03
1.585839e-03
1.728472e-03
0.000000e+00
1.580392e~03
1.580871e-03
1.679904e-03
1.888441e-03
0.000000e+00
1.584390e-03
1.565383e-03

1.000000 sec,

Joint
time
1 GLOBAL
2 GLOBAL
3 GLOBAL
4 GLOBAL
5 GLOBAL
6 GLOBAL
7 GLOBAL
8  GLOBAL
9 GLOBAL
10 GLOBAL
11 GLOBAL
12 GLOBAL
time
1 GLOBAL
2 GLOBAL
3 GLOBAL
4 GLOBAL
5 GLOBAL
6 GLOBAL
7 GLOBAL
8 GLOBAL
9 GLOBAL
10 GLOBAL
11 GLOBAL
12 GLOBAL

0.000000e+00

TRANSLATIONS

Y TRANS.

0.000000e+00
1.001570e-06
1.404837e-06

-2.101587e-04

0.000000e+00
1.163557e-06
4.553735e-06

-1.358685e-04

1.772549e-04
0.000000e+00

~2.734544e-06
-2.906667e-06

0.000000e+00

~-1.93800
-1.95121
-2.13073

0.00000
-1.94363
-1.94465
-2.09461
-2,41173

0.00000
-1.94879
- =1.92471

6e-02
2e-02
9e-02
0e+00
le-02
8e-02
le-02
Se~-02
Oe+00
9e-02
6e~02

~-1.378660e-05
-2.160944e-05
2.636282e-03
0.000000e+00
-1.533754e-05
-5.951021e-05
2.071557e-03
~2.686273e-03
0.000000e+00
3.392846e-05
3.606234e-05

1

--~-ROTATIONS
Z ROT. |

i
i
|
;

-4.560121e-05
-7.291525e-06
-7.969352e-07
~1.754477e-06
-2.399568e-05
-1.393472e-06

1.009869e-06
3.199713e-06
1.851410e-06

~4.656570e-05
-5.893006e-06
-3.753888e-06

5.607316e-04
8.979018e-05
9.395325e-06
2.618933e-05
2.952265e-04
1.693352e-05

-1.276619e~05
-4.378734e-05
-2.821430e-05

5.721553e-04
7.368875e-05
4.854672e-05



2,938 0.000005
B 2,965 ~0.000007
I T B
L | node COORDINATE
1 0.0 48.0 0.0 s
2 0.0 96.0 0.0 s
3 0.0 1920 0.0 5
4 90, 252.0 0.0 s
5 180.0 0.0 0.0 s
6 180.0 96.0 0.0 s
7 180.0 192.
§ 180.0 312
9 270.0 252.
8
6

0.0 s
0 0.0 s
0.0
tds
0.0 s
0.0 ¢

10 360.0 4
11 35¢.0 9
12 260.0 92,0
suppert release

- a03 2 node 1 {0 12
for xynode 234
tor xynode 6789
for %y nmode 11 12
type space fraue

HEKREX INCIDENCE

0
0
0
¢
.0 0.

Io

RSP AR R S8 )

S T I R UL

001 O LN o I p) b
LI O B = b (I N 1O
—
e O
st et
[ ] o r

PSR IS B |
e I

N e L) 1 =~ O
[3%)

[y

«
Y

[ T B W S T |

g
1
7
9
i

[ TR " - S, T e ]

- | SECTION PROPERTIES

“gal AX6.25 § 1.0 iy 1.0 1Z 9.0 exe&ent 124356
] AX16.75 j 1.0 iy 1.0 12 29,375 elesent 3.
CAXTN.S § 101y 1,012 65 0 elerent 7€

[ ]
(k)
3

AX 8.3 1 0 iy 1.0 17 5.0 elezent 9 10
X 8.5 1. 0 iy L. 0 TZ 30.C element 11 1213 14
aX 1.0 j 1.0 iy 1.0 1IZ O, 01 elelent 15 16

INERTIA OF NODE lum

paterial’ properties -

-¢ 1600000.0 DEN .000203 element 1 to 14
loading dynaric 1
,support<acce1erat10n

iranix tise history file trainvib
“int 0.0 3.0 0.5

int 3.0 5.0 ¢.1

-int S. 0 7.0 1.0

;output decinal §

“perfore dynawic analysic wodal super
print. dxsplacennnt’ _

FINISH - - -




sterage tins Rz socelerziizn irzns Trainvib

000 0,000032

045 -0.0000¢

099 0.000033 PRI

1489 ~0.000054 -
191 -0.000013
0.245 -0.000035
0.288 0.000035
0.329 ~0.000102
0.368 0.000007
.- 0.415 -0.000043
- 0.5 =0.000021
G 0,554 0.000042
. 0.611 ~0.005072
0.6668 0,0001¢2
0.725 -0.000029
9.785 0000052
0.845 -0.000025
0.87 -0.000007
0.938 0.000005
- 0.965 ~0.000067
1,000 0.000038
1.045 -0.00005
1

S

.099 0.000622
9 -0.000512
-0.060013
-0.000055
 0.0000553 .
-0.009102 . A L _ :
0.000007 : oL .
-0.000043
-(.0000321
0.000042
-0.000072
8 0.000103
-0. 000055
0.000053
-0,000025
-0.000¢07
2 0,000005
5 -0.0090G7
0.00003¢

oo D ow
[$C Y- X

e D
ot

W

o ny [ oed
By R
D WD

1'
1

1
[ 39

L

wnoLn

o

.

1
1.

m"“t..ﬂ
G &= E

lonliad
=38

l.

00 X ~)
et

[N -rrl
[N AT]
w0

-
<>

B W3 BD B B BRI b bt g
B e =
Boen &S

]
<>
>
P=S
<
Py
f

2.268 0.000033

. 2.329 ~0.000102
2.368 0.000007
2.415 -0.000043
2.5 -0.000021
2,554 0.000042
2.611°-0.000073
2.6658 0,000102

2,725 -0.000085

725 0.,000063




Acceleration (in/sec”2)

Design Transverse One Second Acceleration

0.00020 . _

21 Points from 'P’

I

0.00010

!

0.00000

-0.00010

i

-0.00020 _ _

H

I

1

0.0 _ 0.2

0.4

Time t(sec.)

0.6

08 1.0



SFUTOL - By JO JUBWIAOK UOIFRISURL] PUR WOTROBUL

Y/n

2
sz L el vl 2z .
K 1/ \.1
92 £1 [
gE s1 A
eéc‘ i 41 i S ¢
62 91 5
12 4 8 21
22 b
8t 2

bl



[apow 193ndwon uj
pasn ejeQ puy uoijeinsies bunssuibug

d XIAON3ddv

yoo}-eiqjA

e



"M% Trasverse Coaparison Tt Neasured Frequency 35 ¥ Freigt Train blue) o Caleulated Ouiput freqeency [ed)

0.0020 -
- 0.0045 -
22 0.0040 _
= ) | .F
“ﬁ - brt.??:— Py 1R E—..E,er.i
0.0 00 2 0 0.0 5.0 6.0 e wl %0
terty
0 d, | e
“ﬁ 1' TRV f....: A ’ $P~ }‘\ !.&CEP. W __E;F&..r:f.\rr. o
00 0.0 a9 1.0 Y] 5.0 0.0 1.0 M0 .0
tertz H
3 0.0 - ,
il
RLI) B 0" ]
“.% 1‘. S gt J " 2 » v FO ‘F(- A .. (WA NIV AAN el Vs Vel )
0.0 0.0 2.0 00 0 5, B0 1.0 Mo @0




|
|

T NN N

R ST

o S rmee cer e e me @ e s o S S et — I‘L

00 0.0 20 B0 0 Y 00 Y )

ertz A
W45 Longituding] Coparison Tngut Measured Fresuency 10 WM Decatyr Balt Freisht Train(lue] fo Calculated Output Frequency [red) N
6.0045 -

0.0010 -

e mm e o —n —— = m te s - v o o

_ 00 00 20 A 00 90 B0 w0 w0 w0




[V reerse o ot Vessred Sreqeney 38 Y Comner. i to ol O freteey el " "

= e e T

R Mt R P PP S g ey

e

00 0 20 00 a0 90 W0 0o B0 0
Eegﬁkguﬁbéwg.%«mifs!iEEEE Yo, Calculated Qutput Frequency_fred] T T T e o

s -
B o -
20005 -
0.0




45 Tranterse Cagarison, Tngut Neasired Fregency 15 W fecat alt Freght rainle] b Galulated bt Femueey G

0.0008 -
S O0.0004 -

infsec

0.0000 — fl ,.E..KL _

T f ' R T J N VU,

0.0 10.0 a.0 X.0 4.0

5.0 60.0
Hertz

0 Veetical Compaison gt Messured Fremency 15 0¥ Decater Bt Freigit Tain {olue] to Caloylated Output Fresuency fed

0.0045 -
0.0000 -

0.0005 -
0.0000

inssec

0o 8.0

o oa ATAY L'V o SR, W

1 o ] 1 1 1

0.0 10.0 2.0 0.4 4.0

5.0 60.0
ferty

45 Longituinal Comparisan Input Heasired Frequency 15 ¥ decatur Bal* Freigit Train (blue] to' Calculited Output Frequency (red)

f

0.0040 -




o
&
=

0.0

Mo e i« s et e e e e

00 2.0

Eﬁﬁrﬁsﬁ g_ ..__EE&?EEEE sﬁ@g E

_w.n

X.0

0.003 , ‘ _
0.002
0.008 7
0.000

0.0

ab B.o

0.04 -
0.003 -
0.002
0.001 4/
0.000 -

in/sec

0.0

i

.”\lbk.

—et e

EEEEEE% gg :Eﬁ Dl g sgﬁ g__, Eﬁ .E

) [

.0

e g e S — S —— e e e ]
8 e 0.0 8 c 60.0 1.0 - 80.0 . 9.0
et M ]
Wi
" F. | |
. ¢ ¥ ! P\ A, A s DI
LA ] r - It atad bl

%.0




v ———— g -t i R R s o

00 100 3.4 00 8.0 5.0 §.0 04 Y 9.0
lertz

bl e e ot P el S e B S
rL 110 Gleulated Wit Freqeny e ,
0.008
0.006
2
0 .,
°~§ ' . » N A
00 109 20 00 00 ga Y 04 " 0
gﬁiﬁiwﬁ?.@ il @l §§~ [ R — T

0.004 -
| . 0.003

# g0 - T L AL |
= , Iy N TR ¥
R YT A LT LT

YIY, a4 200 P Y HEY BT ") )

b .".'.m.;l;, 0 adean y o P




—

———e

vibra-tech

APPENDIX C

Comparison of Frequency Spectrum OF Ground
Vibration Next To The Track To Calculate Ground
Vibration Next To The Structure
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APPENDIX B

Calculated Ground Vibration 120 Feet From
The Decatur Belt Track
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